Abstract: Ecosystem valuation can serve as a basis of scientific support for decision-making. So far, the most popular methods for ecosystem valuation are ecosystem service valuation (ESV), which is based on the utility of ecosystem to human beings rather than on the objective value of the ecosystem. After more than 10 years' application, it has been found that all losses of ESV were about 10% of the benefits of human activities. In this paper, the ecosystem intrinsic value (EIV) is defined. EIV is an objective value that emerges from the existence, structures, functions and processes of ecosystem, but independent with man, man's will and preferences. The valuating approach and methods used for EIV were developed by using energy approach and the methods of emergy analysis and eco-exergy analysis. The EIV calculated by emergy from the substance, energy and information of ecosystem and by eco-exergy from the structure and function of ecosystem represents the existent value and the externally working capacity of ecosystem, respectively. The approach and methods of EIV evaluation were applied to Xiamen Bay, China. The results showed that the marine EIV in Xiamen Bay was 209 billion RMB, including 116 billion RMB of emergy and 92.4 billion RMB of eco-exergy in 2010, nearly 30 times of ESV and 8.5 times of the GDP of Xiamen marine industry in 2010. The EIV in unit area of Xiamen Bay is more than 10 times higher than the average global ESV in estuaries. It implied a potential undervaluation to ecosystem value by ESV calculation, which may mislead decisions-making processes.
Introduction


Ecosystem services represent the benefits human populations derive, directly or indirectly, from ecosystem goods and services together, which was defined by Costanza et al. in 1997 [1] . These services were considered to bridge ecology, economy and social science [2] , and became a powerful tool and popular approach to support decision-making processes all over the world since then.
Ecosystem services were grouped into 17 major categories, and the approaches and methods for their valuation were synthesized based on previous studies by Costanza et al. [1] . Many of the valuation techniques used in the synthesis are based, either directly or indirectly, on attempts to estimate the "willingness-to-pay" of individuals for ecosystem services [1] .
The approach and methods of ecosystem service value (ESV) have been applied into many case studies D DAVID PUBLISHING suggests that ESV has fallen far short of its goals of sustainable social transformation [10] .
We have to rethink the ecosystem value its due, and argue that ESV may undervalue the ecosystem and nature's value. The purpose of this article was to define the concept of ecosystem intrinsic value (EIV) and propose the approach and methodology for the evaluation of EIV.
Description, Concept and Methods
Argument of Ecosystem Value
The problem of intrinsic value has been a central debate in ethics for nearly a century. Dietz et al. [11] reviewed former researches on it and concluded that: (1) in philosophy, values are relatively stable principle that help us make decisions when our preferences are in conflict and thus convey some sense of what we consider good; (2) in economics, the term values are usually used in discussions of social choice under a utilitarian ethic; (3) in sociology, social psychology and political science, values can be difficult to understand without some attention to how individual values relate to other important influences on individual behavior, such as beliefs, norms and attitudes [11] .
The concept of ecosystem services, defined by Fisher et al. in 2008 as "the aspects of ecosystems utilized (actively or passively) to produce human well-being", only becomes anthropocentric in the moral sense, and covers by definition only nature's instrumental values as a means to the end of human well-being [12] .
O'Neill [13] concluded three senses of intrinsic value: (1) non-instrumental value (an end value, not a means/use value); (2) non-relational value (a value not a function of relationship); (3) objective value (not a function of a subjective, conscious valuing). The Millennium Ecosystem Assessment (MA) [14] stated that "intrinsic value is the value of something in and for itself, irrespective of its utility for someone else. Sound ecosystem management thus involves steps to address the utilitarian links of people to ecosystems as well as processes that allow considerations of the intrinsic value of ecosystems to be factored into decision-making". The report of The Economics of Ecosystems and Biodiversity (TEEB) [15] stated that "the issue of intrinsic values is helpful to reflect on the relationship between nature and humans. It proposes that nature has value in itself and is valued as an end in itself, independent of its usefulness to achieve some higher end. Therefore, acknowledging intrinsic values of nature acknowledges the fact that people are part of nature".
In a word, from the view of economists, no use would be no value (adopt anthropocentric perspectives that focus on instrumental values [15] ); and from the view of environmental ethicists, existence is value (biocentric perspectives based on intrinsic ecological values [15] ). From the authors' understanding, ESV is based on the eye of mankind to see the world, and is thereby the subjective value of mankind. We need to stand on the eye of nature to see natural world and to get objective value of nature and ecosystem.
The authors do not want to join the arguments about ESV and EIV, and it is hard to recognize the philosophic issues, such as anthropocentric, egocentric, utilitarian and naturalistic viewpoints, and so on. But, they agree with MA's viewpoint that nature or ecosystems have intrinsic value, independent of their contribution to human well-being [14] . Intrinsic values are culturally embedded moral truths [15] .
The authors believe that ESV represents instrumental and utility value of ecosystem to human being. It is based on the utility from human perspective, not based on ecosystem itself, and relates to ecosystem functions that are used to human, rather than the full objective value of ecosystem. Economic valuation of ecosystem services has been variously criticized by different commentators [14] . In contrary, EIV bases on ecosystem itself, its existence, and is an objective value of ecosystem itself. Existence of ecosystem is a basis, and ESV is only the working
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process of ecosystem functions to human being. No existence would be no service.
Definition and Implications of EIV
The concept of EIV is defined in this article. EIV is the objective value represented solely by ecosystem itself and its nature, independent with man, man's will and preferences, i.e., human market or society.
An ecosystem is a community of living organisms in conjunction with the nonliving components of their environment, interacting as a system, and includes ecological interactions and processes in ecosystem structure and function [16] . These biotic and abiotic components are regarded as linked together through nutrient cycles and energy flows. Energy, water, nitrogen and soil minerals are other essential abiotic components of an ecosystem. The energy that flows through ecosystems is obtained primarily from the sun [16] . Biodiversity affects ecosystem function, as do the processes of disturbance and succession [16] and overall indicators of ecosystem states and distributions for measures of information [17] . Ecosystem communities are structured by networks of interactions, in which species are the nodes and biotic interactions are the links. The links reflect exchanges or transfers of energy and material among interacting organisms [18] .
The implication of EIV is identified according to the definitions of ecosystem and EIV. EIV could be expressed by the existence, structures, functions and processes of ecosystem, including the sum of substance, energy and information of ecosystem.
Approach and Methods for Evaluating EIV
Methods of Evaluation
The valuation methods themselves are designed in a way and emerge from the understanding of what values are, or should be and how they can be elicited [15] . TEEB, although acknowledges the importance of nature's intrinsic worth, does not explicitly address intrinsic values of nature, including the ethical considerations regarding the rights of all species [15] . The willingness to pay depends greatly on the socio-economic context, in which valuation takes place on human preferences, institutions, culture and so on. Intrinsic values are culturally embedded. They can be taken into account by choosing the appropriate institutions [15] . There are no widely accepted methods for systematically quantifying intrinsic value [11] .
Energy is a quantity common to all processes; it flows, is stored and is transformed in form. Energy is used as a common measure of all kinds of activity, and the flows of information carry the most embodied energy [17] . According to this concept and the definitions of ecosystem and EIV, the energy approach, standing in the eye of nature to objectively express ecosystem and its structures, functions and processes, would be the best way to evaluate EIV at this stage.
The biophysical methods for the valuation or accounting of natural capital are embodied as energy analysis (Costanza 1980 ), emergy analysis (Odum 1996) [15] . After reviewing these methods and the entropy method, the authors have come to conclusion that the methods of emergy analysis and eco-exergy analysis could be used for the evaluation of EIV, which are all following energy approach.
Method of Emergy Analysis for Valuating EIV
An energy theory of value is based on embodied energy. Embodied energy can be as a measure of value [17] . Emergy is defined as the energy of one type required in transformations to generate a flow or storage [19] . Emergy is a type of available energy, embodied energy in a system that is consumed in direct and indirect transformations needed to make a product or service and accounts for a measure of quality differences between different forms of energy [20] . Emergy is measured in units of emjoules, a unit referring to the available energy of one kind consumed in transformations [20] . Emergy analysis is a technique of quantitative analysis, which determines the value of non-monied and monied resources, services and commodities in common units of the solar energy based on the principles of energetics, system theory and systems ecology; and transformity is defined as emergy input per unit of available energy (exergy) output [21] .
Odum [20] proposed the methods of emergy analysis as Eq. (1):
where, Em is emergy (sej); En is available energy (J); m is mass of substance (g); Sp is species number; τ is transformity of available energy (sej/J) or substance (sej/g) or species (sejs/pecies), respectively. Sola transformity for many types of energy, biological species and commodities was derived by Odum [20] and relative researches.
Emergy could be monetized according to Odum [20] by Eq. (2):
Em$ = Em/EmR (2) where, Em$ is a measure of the money of emergy (money unit such as $), in practice, the emergy is multiplied by the ratio of total emergy to gross national product (GNP) for the national economy [22] ; EmR is the ratio of emergy and GNP (sej/$). More details for emergy analysis can refer to relative references, especially from H. T. Odum.
In the authors' analysis, emergy value embodies the existence value of EIV from its definition of embodied energy.
Method of Eco-exergy Analysis for Valuating EIV
In thermodynamics, the exergy of a system is the maximum useful work possible during a process that brings the system into equilibrium with a heat reservoir, available energy to work [23] . Exergy is defined as the amount of work that a system can perform when it is brought into thermodynamic equilibrium with its environment [24, 25] . Information is also a convenient measure of physical structure. On the more complex level, information may still be strongly related to exergy but in more indirect ways [25] . Eco-exergy is defined as the work capacity of an ecosystem compared with the same system at thermodynamic equilibrium and at the same temperature and pressure [26] . It can be shown that eco-exergy measures biomass and information. Eco-exergy seems therefore a proper measure of biological and ecological complexity and thereby the evolution [26] . Eco-exergy could be considered as a potential, available and maximum useful work of an ecosystem. S. E. Jørgensen and his colleagues [24] [25] [26] [27] proposed the methods of eco-exergy analysis in ecology. Eco-exergy density can be calculated by Eq. (3) [27] :
18.7 ∑
The total eco-exergy in a given area could be simply got, using eco-exergy density multiplying by the turnover rates and the areas of components as Eq. (4) [28] :
18.7 ∑ (4) where, and is eco-exergy density (kJ/m 2 ) and total eco-exergy (kJ); 18.7 is the exergy contributed by detritus, dead organic matter (kJ/g); is a weighting factor considering what the probability is to form the organism at thermodynamic equilibrium (kJ/g) [27] , and Jørgensen et al. [24] proposed the best values for main species; i is a component; C i is the concentration of a component (g/m 2 ); R i is the turnover rate of a component (times/year); and S i is the area of a component occupied (m 2 ).
According to method of emergy and Jørgensen's results by using energy costs [29] , the eco-exergy could be monetized by Eq. (5) [28] :
where, Ex$ is a measure of the money of eco-exergy (money unit, such as $); ExR is the ratio of GNP and eco-exergy ($/kJ).
In the authors' analysis, eco-exergy value embodies the potential work capacity of ecosystem from the definitions of exergy and eco-exergy, a creative value of EIV.
Case Study
Profile of Xiamen Bay Case Study Area
Xiamen Bay, located in the Southeast of Fujian Province, China, is a typical subtropical coastal ecosystem. It is a semi-enclosed bay with seven coastal subunits: Jiulong River Estuary, Western Seas, Southern Seas, Eastern Seas, Tongan Bay, Dadeng Seas and Weitou Bay.
The scopes of the bay, and its subunits and coastal area were determined following the principle of ecosystem-based management. The total marine area is about 984 km 2 ( Fig. 1 ).
Data Collection, Assessment and Evaluation
Assumption was proposed that marine ecosystem in Xiamen Bay was in dynamic equilibrium within a year, such as 2010, the research baseline year.
All available data were collected, including all abiotic and biotic data for marine ecosystem of Xiamen Bay, and relative socio-economic information in its coastal area, most of them for more than 10 years and some for more than 20 years, such as the data for marine environmental monitoring and relative socio-economic information starting from the end of 1980s.
The retrospective assessments were done for the subunits and whole bay to understand the status and trends of the ecosystem, and the impact of human activities from the coastal area of the bay on the marine ecosystem. 
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The emergy and eco-exergy of EIV in the marine area of Xiamen Bay was calculated by using Eqs. (1), (3) and (4), and monetized by Eqs. (2) and (5), respectively [28] .
Results and Discussion
The results calculated by emergy analysis and eco-exergy analysis in the marine ecosystem of Xiamen Bay in 2010 [28] were presented in Table 1 and Table 2 , respectively.
The emergy of marine ecosystem in Xiamen Bay (984 km 2 ) was 1.48  10 23 sej, and the money of emergy (Em$) was more than 116 billion RMB (Chinese currency). The abiotic components contributed about 2.7%, biotic components contributed about 3.7%, and biodiversity accounted for nearly 94% of the emergy. TEEB [15] emphasized that "biodiversity plays an important role in fostering a sense of place in most societies and has considerable intrinsic cultural value". According to the definition of emergy-available and embodied energy, the authors define the ecosystem emergy to be the existence value of an ecosystem in steady state or the state of dynamic equilibrium, the basis of EIV. The eco-exergy of marine ecosystem in Xiamen Bay in 2010 was 9.67  10 14 kJ, and the money of eco-exergy (Ex$) was 92.4 billion RMB. According to the definition of eco-exergy-work capacity of ecosystem, the authors define the eco-exergy to be the potential, available and maximum useful work of an ecosystem in a given period, a creative value of EIV. Considering the sum of existence value and work capacity of ecosystem, total EIV of marine ecosystem in Xiamen Bay in 2010 was about 209 billion RMB [28] . The existence value accounted for more than 55% of total EIV, and work capacity contributed more than 44% of EIV.
The ESV of marine ecosystem in Xiamen Bay in 2010 calculated by the commonly used methods of ESV was 7.08 billion RMB [9] , and the GDP of marine industry of Xiamen city in 2010 was 24.7 billion RMB [28] . When the monetized EIVs, including total EIV and eco-exergy (work capacity), compared with the ESV and the GDP, the total EIV is nearly 30 times of the ESV and 8.5 times of the GDP of Xiamen marine industry in 2010, very close to the "ten percent" of Lindeman's efficiency. Eco-exergy of EIV is 13 times and 3.7 times of the ESV and GDP of Xiamen marine industry in 2010, respectively. It is theoretically unreasonable that ESV is much lower than the GDP (less than 30% of GDP). The work capacity of EIV (Ex$), however, is 3.7 times of the GDP, a more reasonable result in natural and socio-economical system from a scientific point of view.
Costanza et al. [1] calculated the average global ESVs of all typical ecosystems. The highest ESV in unit area in the world was estuaries, 22,832 $/ha/year in 1994, which could be converted to 3.16  10 6 $/km 2 /year in 2010 with USA's GDP deflator [9] . The EIV in unit area of Xiamen Bay in 2010 was 212  10 6 RMB/km 2 /year = 34  10 6 $/km 2 /year, more than 10 times of average ESV in estuaries. From these results, very low value by ESV calculation was found relative to EIV. It implies that ESV may undervalue the ecosystem value. The willingness-to-pay would award these a low or negligible value [30] .
After reviewing the concepts and approaches of ESV and EIV, the authors recognize that both of them are intrinsically different in viewpoint and approach. ESV is based in the eye of mankind to see the world, and uses market or non-market approach from human perspective. Therefore, ESV is a subjective value of ecosystem from the perspective of mankind. On the contrary, EIV stands in the eye of nature to see natural world, and uses natural approach from ecosystem itself. EIV value, therefore, is an objective one. [25] [26] [27] 29] . Biodetritus is in dynamic equilibrium as in the assumption, so its turnover rate could be defined as 1 [25] [26] [27] .
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Conclusions
The concept, implication, approach and methods of EIV have been proposed in this article, including:
(1) EIV is an objective value expressed solely by ecosystem itself, independent with man, man's will and preferences, and valued as an end in itself to achieve higher end. It is ecosystem value its due; (2) EIV includes the existence, structures, functions and processes of ecosystem as a whole, including the sum of its substance, energy and information, and consists of existence value and work capacity (a creative value of ecosystem); (3) Energy approach and the methods of emergy analysis and eco-exergy analysis were proposed to evaluate EIV and to express its existence value and work capacity, the representation of stock and flow of EIV, respectively.
Case study indicated that the EIV of marine ecosystem in Xiamen Bay is much higher than its ESV and marine industry GDP of Xiamen city. EIV in unit area is more than 10 times of the average global ESV in estuaries. It shows that EIV is a more rational value, and implies a potential undervaluation to ecosystem value by ESV concept and approach.
The authors think that existence of ecosystem is a basis. No existence would be no function, no work from ecosystem and then no service to human-being. ESV is only the work of ecosystem to human-being, a partial ecosystem work rather than its real and whole value. Use of the service is intrinsically a human centered process relying largely on socio-economic data and to a lesser degree on biophysical information as mentioned by TEEB. In other word, due to its under-valuating ecosystem, as a result, ESV may mislead decision-making process. It, of course, results in that ecological degradation continues to accelerate. EIV is an objective value of ecosystem, can just conserve ecosystem by using it, and support decision-making towards sustainability.
